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A	  great	  challenge	  for	  future	  informaDon	  technologies	  is	  building	  reliable	  systems	  on	  top	  of	  unreliable	  components.	  Parameters	  of	  modern	  and	  future	  technology	  
devices	  are	  aﬀected	  by	  severe	  levels	  of	  process	  variability	  and	  devices	  will	  degrade	  and	  even	  fail	  during	  the	  normal	  lifeDme	  of	  the	  chip	  due	  to	  aging	  mechanisms.	  
These	  extreme	  levels	  of	  variability	  are	  caused	  by	  the	  high	  device	  miniaturizaDon	  and	  the	  random	  placement	  of	   individual	  atoms.	  Variability	   is	  considered	  a	  “red	  
brick”	   by	   the	   InternaDonal	   Technology	   Roadmap	   for	   Semiconductors.	   The	   session	   is	   devoted	   to	   this	   topic	   presenDng	   research	   experiences	   from	   the	   Spanish	  
Network	  on	  Variability	  called	  VARIABLES.	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Introduction
• New sources of mismatch in sub‐22nm:
 Fin edge roughness induce important sub‐
threshold slope variations
 Fin and gate edge roughness also introduce 
important DIBL variability
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Approaches
• Statistical compact model: “real” variations for 
commercial devices
• Injectors modeling: less accurate, but
 We can vary electrical parameters rather than physical 
parameters of model card
 Can be used before the statistical compact model is 
available
• Play a key role when working with predictive 
technologies
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New injectors
• We reproduce at circuit level the new sources of 
variability not considered in traditional threshold 
voltage and drain‐source current injectors 
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Benchmark
• 1000 N and P 10nm FinFET devices obtained by the 
atomistic simulator Garand, University of Glasgow
• The sources of variability considered were:
 Fin edge roughness (FER)
 Gate edge roughness (GER)
 Random dopant fluctuation (RDD)
• Validation: one to one comparison
 Devices: figures of merits of transistor (Ion, Ioff, DIBL, SSL, Vth)
 6T SRAM cell: R&W stability, speed and power metrics
 SRAM Array: yield
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Results: devices
6
09/06/2014
4
Results: SRAM
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Error in SRAM metrics comparing two 
and four injectors
Error in mean and std. deviation of 
SRAM metrics for different injector
Results: SRAM yield vs. VDD
8
09/06/2014
5
Conclusions
• Injector‐based variability modeling can work fo
beyond 22nm technologies
 New effects must be considered: DIBL and Subthreshold
slope
• Approach validated through benchnarking
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